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DETAILED ACTION 

Receipt is acknowledged of Applicant's election of Group I invention of claims 1-9 
and 18-20. 

Claims 10-17 were withdrawn from further consideration. 
Claims 1-9 and 18-20 are presented for examination. 

This application has been filed with formal drawings which are acceptable by the 
examiner. 

Election/Restrictions 

Applicant's election without traverse of Group I invention of claims 1-9 and 18-20 in the 
reply filed on September 27, 2004 is acknowledged. Please note that the examiner 
believes that there was a typo error in the election regarding to the elected claims 1-19 
and 18-20 as indicated per applicant. The corrected elected claim should have been 1-9 
and 18-20. 

Claim Rejections - 35 USC § 103 

1 . The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

2. Claims 1-7 and 18-20 are rejected under 35 U.S.C. 103(a) as being unpatentable 

over Joslyn et al.'6,203,404 in view of Williams'6,549,542. 

With reference to Figures 3-4, col. 2 , line 51 to col. 4, line 22, Joslyn discloses the 

claimed invention except for specifically batch processing a plurality of workpieces. 
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FIG, 2 iiiusirafcs an exemplary workpiecfc 25 to be 
chemically mcctiaoicaily polished, Such comprises a bulk 
moaocrystalline silicon substrate region 26 having a series 
of three field eJl"ec< transistor gate lines 28 formed thereover. 
In the context of this docuoieol, the term "semiconductor 
substrate" or "sem [conductive substrate^ is defined to mean 
any construction comprising semiconduettve material, 
including, but mi Mraiied to, bulk semiconclwaive- material 
sucb m a BHnicondwUw wafer (either abne or ict i^m- 
btks comprising oihsr materials thereon), and Kinkbnduc- 
tor material Myers (cither dom or in a^mblls* comprising 
obcrinM'criids), The tcno ''srixMnle* refers to any support- 
ing structure, mdudiflg*but not limited to, the setmooiidtic* 
tor substrate describes above, 

Workpiece 25 includes a dielectric region 30 to be pol- 
isJicdL Region 30 might comprise, by way of example only, 
doped or undoped oxides, such as bmophospbosiHeate glass 
or umlopcd oxkfe deposited by decomposition of mtmihy- 
fortha&ilkate (TEOS). In this example, dielectric region 30 
has a nonplanar topography and a thickness "t" ultimately 
desired to be removed by some polishing action prior to 
moving the workpiece onlo a subsequent noopolishiug pro- 
cessing step, \Wtkpieee 25 constitutes but only one exem- 
plary workpicec, wiib essentially any other workpiece being 
usable in accordance with the invention as claimed. 

Referring to FIG. ^ dielectric region 30 on workpiece 25 
h chemical tuccbatikal policed using a lirst slurry in what 
is designated *s a first chemical mechanical polishing to 
leave a thickness of region 30 of the dielectric material 
remaining to be removed in a desired subsequent polishing 
removal process- Preferably, \ i is M least 15%, and inore 
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the .second slurry, The fimst slurry might hnv$ particles which 
OB average arc larger in size than particles in lb© second 
slurry in an effort io achieve more r^n^leetivc, aggKSS.iyc 
removal under an otherwise common se< of pattshiLigparaaa- 
$ clew. For example, » specific average particle size for the 
ta staled chemical mechanical polbhiog might constitute 
120 niTJ, where an average particle size for ihc second slurry 
, mighl constitute 15 tun, Further, the particles in the first 
slurry might: differ in competition from particles in the 

might on average he harder than particles in the second 
slurry to achieve a more aggressive, faster rate, non- 
selective polish in the first polishing for an oUierwisc 
common set of polishing parameters than in the second 

is polishing, For example, the first slurry might use silica 
(SiCX) particles, while softer ceria particles might be used m 
a second! slurry, Further, the particles m the first and second 
slurries might difter in both size and compact ion. Smaller 
and/or softer particles in the second slurry might facilitate 

20 formation of a smoolher finished outer surface at the con- 
clusion of the polishing. Further, the particles might difTer in 
shape, or in other manners. 



3 

preferably at least 20%* of thickness t. Further preferably, 
the amount of thickness t of dielectric material 30 removed 
ici achieve t } preferably comprise* no more than about 15% 
of thickness i- 

Referring io FIG. 4 dielectric region 30 is chemical 5 
mechanical polished on workpieee 25 using a second slurry 
different from the first slurry, and is referred to as a second 
chemical mechanical polishing of dielectric region 3(1 The 
second chemical mechanical polishing comprises one or 
both of removal of at least 15% of thickness l or polishing 10 
with the same pad used in the first chemical mechanical 
polishing, Accordingly, the invention contemplates doing 
both, using different polishing pads but where the second 
chemical mechanical polishing removes at least 15% of the 
thickness, or using the same pad hut removing less than 15% l5 
of the thickness. The depicted example shows polishing of 
region 30 to a point of stopping proximate outer surfaces of 
conductive gate lines 28, although the invention is of course 
not so limited. Other workpieccs might be utilized and other 
stopping points (defined by time, layers, etc, or combina- 20 
dons thereof) could be used. Further, dielectric region 30 
might constitute one or more dielectric or other materials. 
Further, this illustrated preferred example depicts a chemical 
mechanical polishing method wherein the only chemical 
mechanical polishing of the thickness of the dielectric region 25 
being removed prior to moving the workpieee on to a 
subsequent nonpolishing processing step are the first and 
second chemical mechanical polishing*. Alternately but less 
preferred, a third or more subsequent chemical mechanical 
polisbuigjs) might be conducted. 3,3 

A preferred difference between the first and second slur- 
ries preferably relates 10 the aggressiveness or selective 
nature with which the slurries under an otherwise common 
set of polishing parameters remove material of region 30, 
Preferably, the first slurry is chosen or designed to remove 3$ 
dielectric material of region 30 at a greater rate than does the 
second slurry under m otherwise common set of polishing 
parameters. In this manner in the preferred embodiment 
only, die first chemical mechanical polishing is conducted to 
be more aggressive and achieve greater inherent planarity m 
during the first chemical mechanical polishing than would 
otherw ise occur were the second slurry utilized initially in 
the firs* polbhtng under a same common set of parameters. 
Thereby, an advantage can be achieved in arriving at greater 
pinnartty initially, with the second polish being chosen to be 45 
more selective and less aggressive in removing material of 
the dielectric region. A more aggressive first polishing might 
have a tendency to leave a scratchy and rougher outer 
surface than would be desired at the conclusion of the 
polishing. Vet, greater overall planariiy might be achieved in 50 
the combination polishing, with the second chemical 
mechanical polishing using a less aggressive slurry resulting 
in a smoother, more acceptable outer surface at the conclu- 
sion of such polish. 

In a preferred embodiment, the first chemical mechanical 55 
polishing is con ducted to remove di electri c material of the 
first region al a faster rale than during the second polishing. 
The hrst and second polishing** can be conducted utilising 
the same common set of polishing parameters, other than 
slurry composition, or using different sets of parameters, #0 
Example polishing parameters include ambient temperature, 
pressure, rotational and translations! speeds and movements 
of the pad and wafer relative to one another, and pressure- 
applied between the pad and the wafer during polishing. 

The first and second slurries might differ from one another *s 
in one or more numbers of ways. For example, particles in 
the first slurry might difier in average size from particles in 
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Please note that in col. 4, lines 15-23, Joslyn discloses the 1 st slurry is silica particles 
while the 2 nd slurry is ceria particles. 

With reference to Figure 1 , col. 6, line 16 to col. 7, line 20, Wil'liams'549 discloses a 
batch CMP processing of wafer with end point detection utilizing optical sensor to 
measure thin film thickness. Other end point detection sensors include polishing 
pressure and relative velocity between wafer and polishing pad. 
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Fig. 1 



wafer Is measured (100). More particularly, La the preferred 
embodiment, a tlim Mm measure nueat is made on the wafer, 
of a layer to be polished. Such measurement may be 
performed by a number of available devices, such as a white 
light Merferomeler provided by Teueor of Miipitas, Calif. 
Another acceptable device is produced by Nova lustruments 
ol" Israel. FIG. 6 schematically illustrates a thickness mea- 
surcmeut device (300) used bosh before and after polishing 
with an exemplary CMP polishing apparatus (200), to mea- 
sure a film ihiekness of wafer (102), As noted, the CMP 
polishing device is merely one example of a CMP polisher 
for use in the present invention, and Es disclosed in appli- 
cation Scr. No. OS/443,956 in detail, as are other embodi- 
ments. Not is the present invention limited to only those 
embodiments disclosed in application Set No. 08/443,956, 
but may be applied to CMP polishers in general* and 
particularly those for with which the pressure between the 
wafer and polishing pad, die relative velocity between the 
wafer and the polishing pad, and (he contact are of the water 
with the polishing pad are held substantially constant 

After making a thickness measurement on the wafer (102) 
lo be polished, ibe wafer b mounted in a carrier (101) and 
applied to a polishing surface (206) (see FIG. 1? (110)) Cor 
polishing the face of the water (102). The wafer (102) is 
polished for a predetermined time feigned to remove a 
prccbtermined thickness off the face of the wafer (102). 
During polishing, the pressure applied by the wafer (102) 
against the polisMng surface is measured and con- 
trolled (120) through sensors which are provided on the 
polishing apparatus (200). Pressure control is preferably 
done in real time (130) using a imeropraeessor arrangement 
with leedbaek control over a Z-dirwiion driver (213), such 
as (hat disclosed in application Ser. No, 0^443,956, for 
exaoiple- 

After completion of the poMing of wafer (102), the 
wafer is washed and dried (140). and an *afler polishing" 
thickness measurement (150) of the wafer (102) is per* 
formed using thickness measurement device (300). Both the 
"before" and "after" thickness measurements of the water 
(102) are compared to determine the material thickness 
removed and the material removal rate, as described below. 
These values are then used lo alter the processing 
parameter^ preferably the polishing time, of the next wafer 
to be polished with the goal tf removing the same thickness 
of material from the next wafer. In the preferred 
embodiment, inputs from up to ten previous wafers can be 
considered in determining a faelor by winch to alter the 
45 polishing time of a subsequent wafer to be polished, 

The use of a predicted CMP sequence correction polyno- 
mial (functions Wow) generate roefikknis for an N** order 
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linear correction metho4 from sampled sequences. The 
predicted CMP sequeora eharaeterizatiaii polynomial uml 
compensation technique is composed of two parts: 

L Actual Film Thickness Emtential RemDVil Rale s 
(AFTERR); and 

Z Predicted CMP sequence Charactedzatioft; the Pre* 
dieted Effective Rate of Removal by Finite Estimation 
and Corrcclbp Theory, (PERRFEGT) cbaractcri^tion. 

Depending on peculiarities common to a particular to 
yielded manufacturers' poIMinf pad media, a combination 
of various process priming techniques ate used to start a 
lot-size batch process thai will exemplify the polishing 
system irregularities, This process priming technique allows 
the PERRFECT characterization to mathematically describe is 
the dinerenee between the felt semkoitduetor film thick- 
ness before the chemical mechanical polishing operation 
then second,, the semiconductor film thickness after the 
chemical mechanical polishing operation as the actual 
removal rate, AFTERR. of the system. Polishing system 20 
media insularities are subsequcnily tracked and the corre- 
sponding information is characterized by the PERRFECT 
polynomial. 

M noted above, ihe "Material Removal Rate" is defined 
by subtracting the previously processed wafer's actu al mate- 25 
rial film thickness from the wafer material thickness mea- 
sured before polishing (i.e. the £i after polishing" term M„ m 
subtracts) from the "before polishing* term M b 

The resultaoi numerical term: material thickness removed 
(A**) is accordingly divided by the process time A,, Hits JO 
provides a semiconductor material thickness removal rale 
term within a numerical per second basis A„. 

Nfetei&i iteiitaval Racers A^AVMJ/A, 

Please note that in col. 6, lines 50-65, Williams discloses that the thickness 
measurements of 10 previous wafers are then used to alter the polishing time of the 
next wafer to be polished. 

thus, it would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the polishing method of Joslyn with a batch 
processing with end point detection as taught by Williams in order to alter the polishing 



time of the next wafer to be polished to improve the throughput of polishing process. 
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3. Claims 8-9 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Joslyn'404 and Williams'549 as applied to claim 1 above, and further in view of Sandhu 
etal.'667. 

Joslyn as modified by Williams has been discussed above, but the combination does 
not disclose the control of slurry feed rate in response to the change in polishing 
parameter. 

With reference to Figure 10, col. 3, lines 30-54, Sandhu discloses an apparatus and 
method for polishing a wafer comprising a controller adjusting in situ slurry flow rate and 
temperature of wafer in response to the control information from the processor to 
effectuate a new polishing rate and a new polishing uniformity as the wafer polishing 
assembly continues to polish the face of the semiconductor wafer. 
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In acc0rcl&tjc& wit ft one aspect ot this invention* 3. system 30 
Ibr polishing a Miieonduetor wafer comprises a wafer 
polishing assembly for polishing a focc of a mmoandtictor 
wafer at a polishing rat© and a polishing uniformity. The 
wafer potkhing assembly has a plurality of controllable 
openaicmal parameters that upon varkiioo ebaoic the pol- M 
isbing rate and polishing uniformity. The system also com* 
prises a controller operably coupled to the wafer polishing 
assembly (for monitoring and managing in situ at least one of 
the operational parameters of the wafer polishing assembly. 
A processor is operabty erupted to me controller for deter- AU 
mining a set of desired operational parameters based on the 
monitored operational parameters and for ouiputtmg control 
information indicative of the desired operational parameters 
to the cont roller. Tfoe controller adjusts in situ at least one of 
the operational parameters of rite water polishing assembly 4$ 
in response to the control information from the processor to 
effectuate a new polishing rate and a new polishtiixg umfnr- 
mity as the wafer polishing assembly coolimies to polish the 
face of the semiconductor wafer. 

These operational parameters include platen rotational sn 
velocity, water rotational velocity, the polishing path of the 
water, the wafer speed across the platen, the down force 
exerted on the wafer, slurry composition, slurry How rate, 
and temperature at the wafer surface. 



Thus, it would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the polishing method of Joslyn and Williams with 
a controller adjusting in situ slurry flow rate and temperature of wafer in response to the 
control information from the processor as taught by Sandhu in order to effectuate a new 
polishing rate and a new polishing uniformity as the wafer polishing assembly continues 
to polish the face of the semiconductor wafer. The advantage is to improve the 
throughput of polishing process. 

Conclusion 

4. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. Yi et al/949, Hempel et al/,950, Adams et al/6,623,124, and 
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Shih et al.'535 all disclose a combined method of polishing a wafer with at least two 
different slurries. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to George Nguyen whose telephone number is 703-308- 
0163. The examiner can normally be reached on Monday-Friday/630AM-300PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Joseph Hail can be reached on 703-308-2687. The fax phone number for 
the organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). (J/l 
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